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We decribe a procedure for lipopolysacchar-ide (LPS) biotitly- bution of BA.PS in human platelets and monocytes were
lation using N-biotinyl L-lysinc and applications of the bi- studied by electron microscopy using an avidian-biotin -hors-
otinylated LI'S (Bi-LIPS) to focalization of LI'S binding sites radish pcroxidas (H-RI') or streptavidin -gold method. Plate-
and svbcellular distribution. Biotinylation of LIPS was con- let surfaces were intensely stained by the reaction product
firmed by enzyme-linked immunosorbent assay (ELISA), gel of horseradish peroxidlase (HPR) 5 min after incubation, and
inmmunodiffusion, and immunodot techniques. The biolog- Bi-LI'S was localized in small vesicles and vacuoles of plate-
ical and toxicological activity of the Bi-LPS was tested by lets and in the phagocyuic vacuoles of monocytes; 60 mini post
Li~nulas uisneblocyte lysaie (LAL) assays and histopatholog- incubation. BAPLIS provides a reliable, stable, and sensitive
ical exami nations, respectively. Results showed that biotin tool for determination of LI'S binding sites and subcellular
was conjugated to LI'S without disrupting the biological/ distribution. UHistochejCji Gywehena 36.1131-1137, 1988)
toxicological activity of the molecule, which indicates that KEY WORDS: LPS; Biotinylarionj Lysine: Binding site: Subctilluilir
the biotin is directly linked to the polysaccharide portion distribution: Litctron microscopy.0 -Q ,

of L.PS, Localization of binding sites and subcellular distri- ' . -

Introduction trihution of LPS arc few, although H-RP-conjugated L.PS has been
The vidn-botincomlex(AB) ha beomean idisensble reported to demonstrate surface binding sites in erythrocytes at

tool itt immunocytochemnistry and molecular biology. Avidin is a th lrsucralel(1.
F~our presently available activated bicitin reagents employeed forlarge (70,000) miolecu!ar weight glycoprotcin with an affinity eon- biotinylation of biologically active molecules are biotin-N . yd'o-

slant of 10"' NI-' for biotin, a small MW vitamin (26). This affinity sciiieetr -mnboi--yrxsciiicetr aI
is over one Million times higher than that of antibody for most scinmidobustyrlboyn, a-mnd biotin-Nhydrazyucide.i Tsesatvted, miorir
antigens. lIt addition to this high affinity, ABC can hce effectivelyMV
exploited because avilitt has four bindinsg sites for biotin,. and most reagents cannot be used direcily for bit: tinylption of LPZý be~atis-
proteins can lie easily conjugated with several molecules of biotin. of their chemical c-ffccms Biotin-hydrazid:, which is c-oupled d.l)augK.
'I iti complex has beeni widely used in electron microscopy for label- carbotxyl or keto groups (122,14A,1) caujscu loss ot tatty acids (2).
ing specific cell components, rceceptors, surface and intracellular Biot-ii-N-hydmosuccinimide ester and 2-iminobiotint-N-hydroxys--c-

:,ttiges (,27) an insituhvbidiar ~11 13,4).cinlimide ester arc couspled thrnughi ftre amino giroups (12,14,l6),mitiens(1,7),andin ituhvbiclzaton 13,4).avds maclimitlobutyrl biocyrin through sulfhydryl groups (5)_ InL~ipopcslysaecharides (l.PS). enclotoxins fromi Gram-negative bac- L.PS, neither amino groups nor sulf'hydryl groups a.re prt":nit itt thle
tcria, are kntown tn be involved in the pathogenesis or insduction polysaccharide moieties. Therefore, a stnitaille bridging mokCule1of eticlotoxemtia and~ septic shock. LPS consists of polysaceha iride- is required to link biotin to LPS .
spec ific antigen. core region, andc lipid A. Lipid A (glycolipid) is hsrpt(lsie arodtrfrLPboinaiouig
the endotoxically active c:enter of [PS. Studies on surface bindinig. T-bistieportdescibewihlsin a arcdr foridge biotinyatn Lu plsin-
ttttrttlbrane intcorporationt. and suibeLlu111ar distribution of [TS Usintg charidnoitinyels ane wioth in. I also p resgent examplenLs pofidi-B
radiolabelt-' (4,14,15,28). FITC-cortjugated (16), and( horseradish (haPd complies saindingtin, It ctsot mirosnscoxapy. f vdi-
peroxiclasc (HR P)-coitjugatcdc (19) LPS. antd HPS-arttihody-H-RI' or LScmlxsann neeto irsoy
gold (9,11,21), have h':cn reportr~d. However. 5tuidieS ott ulitrastruc-
tttrftl localiZ~i'.uon A W11 SUrface bitndinsg sites and subelellular clis- Materials and Methods

____-Procedure for LI'S Biotinylalion
(.orrcspottdcetc Cto: Dr. Yuarti-I-Isti Katig- Patt iopitysiologs' Divisiont. A pr'o edure modifiedc from the tttrt . od reported bsy O'Shattitessy et al.

.( .R 1. Nao il NI etlisal Resea rs , n liituitr. Bthesda. MD) 20814-5055. (18) was usied for HIJS biot irtylti itn.'ktti mil ligramts (10 mtg) of 1.1S (Fi. co/s

1131
DISTW1UTuION 

-Si'ATEM=N 
AI

Approvocl for pihlie rploi; 0e !



1132 ODEYALFi, MtANG

O11:B-l: Caibjixhetm l~ajolla. CA' were dlissolved in 7 nil 0.1 IM sodium and biotinylated iiRP (ABC kit: Vector Laboratories, Burlingame, CA) at

acetate buffer. pH 5.25. and oxidized with 1.5 mil 0.05 M suditun pcriodate room temperature for 20 mmi After three washings it, PBS for 15 min,
at VPC for 20 min, The reaction %as stopped by addition of I ml 1.5 NI Ire samples were incubated in a medium containing H20a and diamincihen.
glycerol. After 5 mini the reaction product was dialyzed overnight in a piece zidine tetrachloride at room temperature for 30 miii (7,8). The plastiches
oif Thomnas 3787.1`25, 8000 MW cutoff dialyzer tubing againsts 0.1 MI so- were then washed with PBS and examincd.
dium acetate buffer. PH 5.37. at roomn temperature. In a to nil screw-cap
vial. 8.7 ml of the oxidized] IPS were added to 25 mgp biocytin (Sigma Chemi-
ical Company: St. Louis, MO) and dialyzed for 64 hr at 'PC. The biorinylarc-d Limulus Arnoebocyte Lysate Assay
lipopolysaccharide (Bi-LI'S) was stored at 4'C until used. Endotect (ICN: Cleveland, Oil), based on Lirnulus amoebocyre lysate (LAL)

-- -reaction with endotoxin, was used to detect the reactivity of Bi-LPS. Non-_~ __

Confirination of LPS Biotinylation and S/,elf Life hiorinylated LPS and pyrogen-free PBS were used as controls.

Drotedtarcs including double inununodiffusioin. inimnionoor and ELISA
were used to test LI'S bioititrylation. Five different dilutions (1:2, 1:4, 1:8, Biological Activity
1:16, and 1:32) were prepared fromt I mg/mI 13i-LPS its phosphate-buffered Fiv BahC female mice (20-25 g body weight) per group were given 200
'alitre (PBS; 0.01 M phosphate. 0.15 MI NaCI. PH 7.2). Non-bioitinylated. pg of Bi-LPS and LPS in 0.3 mi saline, respectively. by n, injection. Control

-- LPS and PflSwere used as controls. For testing the shelf life of B;-L.PS. s-Am- Ansimals wete given saline onsly. After-48 hr. assinials were sacrificerd ;and
ples that had been stored at 4'C for 12 and 22 weeks were used for EL.ISA livers were excised and processed for hisroparhological examinations.
arid dot ble-iim, u nodiffusion ev-aluat ion.

IiLISA Technique. Serial dilutions of sonic-.ted suspensions of Hi-LI'S
and LPS were prepared its 96-well polycarbonase plates. The plate$ were Localization of Binding Site and Intracellular
incubated at 37*C overnight T[he supertn-tant in cath well wa~. pouted oft
and blocked with 0.05% gelatin ii: PBS for I hr at room temperature. The Distribution in Human Platelets and Monocytes
welk were washed three times with PBS. One milliliter of 0.05% gelatin Peripheral blood mononruclear cells (PBMC) were purified by Ficoll-Hy-
is P)BS was atdded to a vial containing I ml solution of aviditi-alkalitic phos- paque gradient denaity centrifugation of lsepariisized venous blood from
pharasc (Sigrma). The soIlution was diluted wits P13S to a 1:200 ratio. One healthy donors (5). The layer containing PBMC was collected in RPM! 1640
hutndred msicroliters of this solution were added to each well atid incubated medium (Gibco Laboratorics; Grand Island, NY) and used without wash-
oni ice for 2 hr. Thre wells were agaitn washed three times with PBS. One ing so that platelets could also be retained. Cells were exposed to 100 lag/mI
liindred microliterr of phosphatase substrate (.1.5 mg/nsl (Sigma) were of Bi-LPS or LPS in RPMI 1640 medium at s7*C for S and 60 rwin. At the

?added to each well and uincubated for 30 mit, at room Wtemprature. Tire cud of each incubation, cells were fixed iminediarrly it] 1% glutaralde-
reactiorswas stopped by addition of 50 p1 of 3 M NaOH to each well. The hydiv-l% paraformalilehydic at room temperature for 30 miin. After three
plates were then eeaQ at,105 nm on a Micro titer reader (MR~ 600 Nlicrplare washings in 0. 1 M sodium cacodylane buffer (PH 7.5), cells were stored in
Reader- Dynarech). the same buffer in a refrigerator until further processing.

Ouchierlony Technique (Double Immunoidiffusizin: DID). From each Aviclits-bioitiis-horscradish peroxidase complexes (Vector) or strep-
(if thre dilutions made for EIUSA, 35 pl of thre dlih'teclsolutioin were -added tavidin-gold conjugates (20 nm) (Bethesda Research Laboratory; Bethesda,

to he eriherl wllsof ir mmuodifrriondis (MlesScintiic:Napr- MD) were used to label the Bi-LPS bound to cell surfaces oi platelets and
toithe. pL).iThirty-fiell rirofnirer ofdiluted avidisk II ( is cietioic (1:10) monocytes. HRP was developed by incubating in a diaminoibenzidine-Hi11,s

vill. 1.).Thity-ivi micoliersof ilued vidi-FIC sluton 1:1) meciurn (7.8). Cells incubated with bi-LPS or LPS for 60 min were treated(Sigmia) were added to tire central well. Diffusion was allowed to proceed with 0.3% i-11,02, for 30 min to abrogate the entdcgenous peroxidase activ-
for 48 hir at roonm temperature. ity arid then with 0.2% saponin in 0.1 M sodliumn cacodylare buffer, PH

Immunoidot Techrique. PVC silica rr'icroporoius glutaraldehyde-acri- 7.5. for 2-3 hr before incubation in avidin-biotin-HRP in Teis-saline (pH
sated plastic shccts (PolysciencesI.-lic Warrintigon. PA) were used. A drop 7.6) wvith 0.2% saponin at 4*C for 24 hr. HRP was revealed by the afore-
of 10 p11 HIllIS solution of 1:2, 1:4, antI 1:9 dlilutionis was spot-placed on mentrionedl procedure (7).
the pl-.sric sheets and air-dried. The plastic sheets were immersed for 20-30 All cell samples were post-fixed in 2% osmiuim terroxide! at 4'C fur
min in PU'S (ptil 7.4) containing 1% bovine serumii alhumrin (lISA). [he 21-3 kit, dehydrated in a series of graded ethanol solutions and propylene
p!Lastic sheetswArre incubar-d in a solution curstAinitw 1:100 dilution of avidin oxide, and embedded in Epon (Poly/Bed; Polysciences, Warrington, PA).

Table I.- Resm/i.r ftom~ lli- PS i/itiuo,, as ling rduble immunodliffuijon (DID) and ELISA techniques"

Dilutions

11:2 1.4 181:16 1:32

Samp~les . B A 3 A 11 A B A D5 A B

Iii-l.P"S
, 1',vikl + +. 4 + + + + 4

iii-.P.s
(22 wksi + + ++ 4++ +. +.- +- + ++ +

l.p6
Frits . -. -* --- - -

A. HASA . H. d~iojAlc .itnn ur~il1- iffitiii n letiiiiqii 4. %fr rIng ftlioircii ci.vo fir pe.pit 1Itioi liiic: . utorerare flunrm ctrxCI or lifte ipit~io ar itich : weak finnres-
miii C iti pr-pqit.t i-i hie: . nim pretipiulatio it Fn
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Figure 1. Ouchtetlony immunodilfusion
diskr used for cornfirmation of LPS biolinyla-
tion. (a) and (b) wells Contained B,-LPS of
various dilutions and storage times; (c) well
contained noii-biotionyiated LPS; (0) well
contained P~BS only; (e) and (f) wells con-
tained 0.1 M and 0.05 M sodium acetate.
*espectively: central well (av) contained 1
mgmnI FITC-conjugateclavidin. Thectescent
-lie (anowsm~ between the central and periph-
oral wells indicates the reaction product of
Bi-LPS with avidin. ___

Figura 2. Confirmation of LPS biolinylfaion Ausing the immunodot technique. BA-PS of
various concentrations (a and f, 1 mg/mI; b.
0.5 mg/ml; c, 0.25 mg/mI), LPS (d), and PBS _b _ -
(e) were spot-placed on PVC-silica and
treated as described in the text for visual-
ization. The presence of HAP reaction prod-
ucet is indicative of biotir'ylatiots, ansd the in.e
tensity of staining correlates with various
concentrations. Positions d and e, showing
no staining, are non-biotinylated IPS and
PBS. eespectivaty.f .

2

Ultra-thin sections prepared with a diamond knife were lightly stained in tered foci of slightly to moderately swollen hepatocytcs with either
lead c.itrate and examined in a JEOl. INo CX transmission election micro- increased cytoplasmic granulocytic (cloudy swelling) or many in-
.,-A0pP . tracytoplasmic microvacuoles (vacuolar degeneration) and mild

coagulative necrosis in animals treated with LPS -and Bi-LPS, rcspec-

Results tively (Figure 3). N'o pathological alterations were observed in livers
of control animals which were given saline only (Figure 4).

Results from the tests of Bi-LPS samples using ELISA and irmmo- Five minutes after incubation with Bi-LPS, the surfacr~s of plate-
nodiffusion techniques indicated that positive reactions were found lets were intenrsely st-ained by the reaction product of HRP or la-
only in 1:4. 1:8, and 1:16 dilutions. No reactions were observed beled by gold grains (Figures 5A and 513). whereas the cell surfaces
in the ELISA samples without dilution or at 1:2 dilution and tn of the monocytes were 1-aheld by a few gold grains and HRP reac-
the samples diluted at 1:32 for the immunodiffusion test (Taible tion product (Figures 6A and 6B). No staining oi- lqbeling was oh-
I). As indicated by the formation of a crescent avid in-biotin.-LPS served on the ccll surfaces of both platelets and monocytes in the
complex. Bi-LPS remained reactive after being stored for 12-22 samples incubated with non-biotinylated LPS. Incorporated Bi-LPS
weeks (Figure 1). Similar results from the same samples were ob- was observed in platelets 60 min and in rnonocytes 5 min after in-
tamecd by using an immunodot procedure (Figure 2, lTable .2). cubation. The reACtion product of HRP, indicating incorporated

Gelation was observed in both Bi-LPS and LPS using Limid/usu LPS, was observed in small vesicles and vacuoles of platelets (Fig-
amoebocytc lysate. Thiis indicated that the teactivity of Bi-1,PS was ure 7). In monocytes, BU-PS was localized in many large phago-
retained after the biotinylation proce(lure. Gelation was not formed cytic vacuoles as previously reported (10) (Figures 8 and 9).
by pyrogen-frec PBS (`[bWe 3).

Results from the histopathological examination indicated scat-

Table 3. Results of Limulus ameolsocyte /vrate assayja

Dilitions

Table 2. Results firom immunodot tests usirg PVC-si/icad Sveiptes 1 t:2 1:4 t:8 1:6 1:32

Dilutions Bi-LPS

Sanimples 1 1:2 1:4 (22 wks) + + + ++
S ________________________ Bi-LPS

PBS - - (12 wks) + + + + + +

IPS LI'-1.S + + + + + + _

Bi-L.PS (22' wks; +. + f + PBS- -

j+ ... strong I It!' stailningý mornc ratt: s rak; - nol rcact ionf. a+ gelat ion: - nI ge-lat (on rrati(t (1

&nd/,or
S Poe lal
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lot, qJ W Figure 3. Liver of mouse treated with Bi-
- " •0 - LPS or LPS. Pathological changes includ-

" j~ "'. ing necrosis, sinusoidal distension, and
Or 4 C vacuolation of hepatocyles are evident 48S" ,, "0 hr after injection with Bi-LPS or LPS. Origi-

nal magnification x 732.
1!• 0 . ,Figure 4. Liver of normal control animal.

4 ."The hepatic tissue displays normal morphol-
ogy. Original magnification x 732.

, • 1 Figure5. Localization of surface LPS bind-
ing sites in platelets using Bi-LPS and

S . '',' Z 4.- :., . avidin-biotin-HRPorstreptavidin-gold(20
b 0 . min). (A) HRP reaction product represent-

? . ,' ing LPS binding sites is localized on the cellS. • - : surface 5 min after incubation. Original

e . - magnification x 43,200. (B) A few gold
0; ,41 0. 0 ki grains are seen on the surface of the cell

• - - V *. , - 5 min after exposure to Bi-LPS. Original
L 4., " • .V magnificatidn x 29,960.

IV

..5prn O.5pni

Discussion used as a linker between the carbohydrate moieties and biotin with,
In this study. we have developed a technique for biotinylation of out disrupting lipid A, the biologically active center of LIPS. Al.
LPS from FE. cf/i (134) using lysine as a bridge. This provides a sire- though the percentage of biotinylated LPS molecules was neither
pie and rapid, procedure for synthesizing stable Bi-LPS for ultra- determined nor implied, we have shown by the use of four differ-
structural lot alization of surface binding sites and subcellular dis- ent methods that at least a sizeable quantity of the amount of LPS
tributin.n "The hydroxyl grnups on the carbohydrate moieties are used was biotinylated. Other than a slight difference in the pH
the sites for biotin attachmrent. The glycosides in the polysaccha- of sodium acetate buffer in which LPS was dissolved and in which
ridle portion of I.PS contain vicinal hydroxyl groups in a gauche the samples were dialyzed, there was no other relevant difference
Conformation. Oxidation of glyco!sides by periodate yields dialde, between the 12. and 22-week-old samples.
hydle. whitis I-ar. reict with a'-amino group of lysine whose r. group LPS has a micellar size of several millions in aqueous solution,
i- linked to biotin (N-biotinyl-tL-lysinc or biotinyllysine). Biotiny- as a result of aggregation of each amphipathic LIPS molecules (20)
lation was (onfirmed by the results from all the tests using double depending on pH, The stacking of LIPS particles (6,22,23) and the
irnrnUn~diffusion. ELISA, and immunodlot methods. Importantly, transition of LPS particles from disks to vesicles (6) have been
,,ur results also, indicated that the biologic-al /toxicological activi, reported. Thim-degree of dispersion or LPS (availability of Lipid A)
t ies of Bi-I.PS were retained. as shown by the pathological alter:,, is believed to affect its ability to attach to the wells. Therefore, the
tions in the liver after administration of Bi-LP"S. The retention is neltative reactivity at high concentrations using the ELISA technique
due to ithe use, of an a~tiv;tud biotin teapent attd lysine, which was may have been due to the non-availability of the lipid mnoieties
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Figure 6. Localization of surface binding • ',-'

sites in monocytes by Bi-LPS and strep- ., -
tavidin-gold or avidin-biotin-HRP. Mono- . "
cytes are characterized by many peroxi- J qdase-positive granules In the cytoplasm. (A) .. . .,t

Gold grains are seen attaching to the cell _Z
surface 5 min after incubation. Original
magnification x 10,000. (B) The cell surface 4"

is distinctly stained by HRP reaction prod-
uct after a 5-min incubation with Bi-LPS. Ar-
row indicates ingested LPS bilayers. Origi- ýtl 0hal magnification x 11,300. Al"..".! .: •

Figure 7. Intracellular localization of LPS in ' .-1
platelets using Bi-LPS and avidin-bi- .: r.,
otin-HRP. LPS bilayers stained by HRP
reaction product (arrows) are observed in . r•
the vacuoles and vesicles of platelets 60 min
after incubation. Original magnification x: ' , -
72,000. 

1

Figure 8. Intracellular localization of LPS in
monocytes using Bi-LPS and avidin-bi- 2-" " p
otin-HRP. Sixty minutes after incubation, 2 Pm 2 P.
LPS bilayers that are intensely stained by 6A 6 B
HRP reaction product are seen in many
phagocytic vacuoles (arrows). Original mag- .. ',. L{, ••

nification x 10,000

71

S... ,d .... , ,"- 2 P~m

of LPS to serve as anchors to the wells. Our results have shown that ride is used, the structure of the latter could not be revealed by
sonication of low-concentration samples for a few minutes increased conventional TEM. However, using the Bi-LPS technique the poly-
[Ile relative dispersion of lipid moieties and enhanced the positiv- saccharide moieties on the surface of intact bacterial can be revealed.
ity of test results. This is in agreement with the reported results As shown in Figures 5A, 6B, 8, and 9 with respect to the inten-
of Ogawa and Kanoh (17). Also, at high concentrations, the double- sity and clarity of surface and intracellular staining, LPS-biotin-
immunodiffusion technique did not show a positive reaction until avidin-HRP complex has proven to be more advantageous and of
after 72 hr. This may be due to that large micellar formation men- greater analytical Value than radiolabeled, FITC-conjugated, and
tioned above obviously impeding diffusion. These results indicate HRP-conjugated LPS. Bi-LPS has at least two advantages over
that sonication and serial dilution are necessary to limit micelle LPS-HRP conjugates which were previously used to localize LPS
formation and aid diffusion through the gel. LPS has been revealed receptors or binding sites on the surface of erythrocytes (16). First,
(23) by conventional TEM, seen as stacked and/or bilayer structures. avidin. or streptavidin.linked HRP, colloidal gold, ferritin, or he.
iX+, on the surface of intact bacteria, the lipid-A portion of the mocyanin can be used as markers for localization of surface bind.
LPS which causes the stacking is still embedded in the cell walls ing sites or receptors at the light or ultrawructural level. Second,
of ,i' baceria. lehiviig the polysaccharide portion hanging freely Bi-LPS provides more intense staining than LPS directly linked to
outside. Therefore, unless an antibody specific to the polysacchat a marker, since avidin-biotion-HRP can amplify staining. Moreover,
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